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MEASUREMENT OF IMNSJ&ESSIO» iw    *"'OS OF 
SüAL COAXIAL Akp Tra CONDUCTOR€äBLE I- 

1, FOREWORD..MS-PtBRQBEs • The measurement of transmission unbalance is 
required in the Joint Army-Navy Specification Ji^O-lf A, "Cables,, Coaxial       . "    ji, 
Süd TJTifa^Conductor, for Radio Frequency,? for Rö*23/u and' RÖ-24/G. fhe ' 
measurement of balance ratio* which is essentially "the inverse of transmission 
Unbalgne^ isxequired in proposed, pmsndjnejit 2, of JAN-0-17Ä for W^-2'^f^ and       ,v 
R^lllA/tJ. However, there is no well definsd or generally accepted method of 
making thess measurements • It is the purpose of this Technical Memcrandus to 
describe a teat set and the.tost procedurs developed at the Components and        1 
Miaterials Branch, Signal Corps Engineering Laboratories, to make these 
measurements. .    ""'    ' • - * ~ 

2o JSUMMARYs Transmission unbalance of dual coaxial and twin conductor cables 
can ?be möasurpd with the test set dessribsd in this; Technical Hemorandua, 

I       The frequency range covered is 1 to 25 so, and 100 to 10 mc, as required in 
I     • JM-0~17-A.. However, the same techniques can be used over a larger range. 

A deser-iptioa of.the component parts , . sad a discussion of some of the factors 
involve^ in the design of the test W^- are included in this report. 

3. BJBCUSSXQN* 

a. Definition • of Transmission unbalance and the Basic Method of Measurements 
The definition öf feänsMssionts^alahce/Md the basic sethod of its "measure^- 
merit, as described in this Technical Memorandum,, is as followst 

I Hefsr to Figure 1«, , This shows the basic test equipment set Up to 
I       measure a train conductor cable. However, the following discussion applies 
f v    equally well for duaj coaxial cable. Hate that the resistors Si and fi2 have 
] been selected tp bq  equal to one another to a very close tolerance., and similarly, 
•;. '.   r , the two. re>istqL#S^fi3_mid jt4 haye^beM selected,to.',be: equal to a ve^y elojl©, ., , _..~"7 
f tolerance. It is not necessary for Rl and R2 to be equal to E3 and R4,, but «11 
•.       pf these, resistors should be equal the matching resistance of the cable to 
I within a fe# percent» CpnsMer^tÄe case when Rl and R2 are connected^ tp the 
i       signal generator. If the two halves of the cable .are completely alike, the 

voltages across the terminating resistors R3 and B4 will be- equal in magnitude, 
I       and phaS.e, and there will be frerp vpitage,difference between.the high 

(^grounded) ends, of R3: and R4. However, if there is some difference between 
th§ two halves, the voltages across R? and. R4 will be unequal inmgnitu.de, 
phase, or. both, and a voltage difference will, exist between the high. (Ungrounded) 

I       Onds of ,K3, fn$ K£. The transmission unbalance of the.tgst cable pan be defined 
I       as the. ratio of the vector "difference between the two voltages across the 

terminating resistors to ono half the vector sum of the two vpltage§. 

¥        _ 1^» is thus neces.sary tq measure the ratio of two voltages to determine 
transmission unbalance». Consider again, the case whes^esistQrs fq. $n& R2 are 
bo,=th connected tb, tike, signal generator^ The current flowing through the 

r,       terminating, coil .Fill be proportional to .the vector difference between, the 
two voltages across the terminating, resistors«i Hence the current through the 

i  *    pick up coil and the reading on the VTVM will ,be< proportional to the vector 
1       difference between the voltages across the terminating resistors. Consider 

now ths c£se when Rl is grounded. Assuming (for themoment) that the impedance 
% of the terminating coil is very high Compared to the matching? resistors, it is 
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apparent that the voltage across R& will be the game as originally, when HI 
was connected to the generator. For all poetical .purposes, this is one half 
the vgefcor sum of the voltages, across the tenainäting resistors in, the 
original ©ondition. This voltage ig across the terminating coil, since the 
isptda&e© of ^e terminating coil is assumed very,high compared to W and R4« 
Hence the. ratio of. tha. reading of. the. i^M. when. HI Is connected to the signal 
generator to the .reading of the. VfM when Ri is. connected to ground is equal 
to th§ transmission unpalance of the test cable- 

She following formal definition of transmission unbalance is contained 
la paragraph F^2 _of the Joint Ärmy-?iavy Specification #AN-c-47Aj Rabies, 
Coaxial add Twin Cpnäüjc'tpr-, For Radio Frequency." 

w1&ie transmission unbalance of a dual coaxial transmission line which 
t is terminated, ifi its characteristic impedance (center tapped to shield) is 
j defined as-the ratio of the magnitude of the vector difference of the voltages 
4 aero»? each half of the terirösäating resistor to one half the magnitude of the ~ 
| , - •_'...-  -. vector- ausLofthe' -•trap vpltagee1,-^. --- •        ....... ...__.  .--. - 

5 fhe term balance, rstio, which is the inverse of transmission unbalance, 
[         is defined in paragraph F-23> amendment 2 of JAN-.G-.I7i äs follows?: ;Mfhe 

Balance Ratio i# measured and defined as fpiLowss fhe cable under test is 
I CÖJipected between a suitable generator and receiver matched to 95 ohms input 
l impfedäncoö 4 voltage i?l is applied between the two conductors, and the 
\ receiver outp"^ noted. A voltage is then applied between the two; conductors 
f ""      tied together and ground" and raised to a value V2 so that the receiver output 

is the same, the ratio V2/V1 shall be defined as the balance ratio," 

I 
i; 
v 

°" -tr~ -**-    •descriptionjif Parts.; - —-__ 

| (Ü Junction Bdxg %e function of the junction box is to provide for 
;  * connections between'the «.able., input resistors;,: and generator,, A. photograph" 
I of the juhötioA bojf used for |6-22A/U and R&4IIA/1J is shown in Figure -2-*. 
| fhe junction box used for RG-24/U and RG-2i|/U is identical except that the 
I opening for(the test cable at. the input end L$ a little larger due to the 
I fact that fiG-^3/iJ and R&-24/tj'are larger cables^      than RG-22A/Ü and 
I   ' RG-lllA/Uo Kie cable isheld' to the junction box by means of a simple 
! braid clamp. A.pair of small brass coupling bars are used to connect the 
• resistors to the inner conductors of the cableo fhe use of these small bars 
* pakes it unnecessary to solder the conductors to th> resistors. Additional 

small bars are used to make it convenient to connect the input resistors to 
i the signal generator Or to ground, as desired. Care must b^ taken in. 
i COhstructing the junction bpjc to preserve a very high degree Of symmetry for 

the two halves of the cable and their connections ö The stray capacity and 
I stray inductance of both mu^t be as identical, as possible. .The matching 

resistors Rl and R2 should he. equajL to one another within as close .4 ......_ 
1 tolerance as possible. ln.Jhe case of RG-;2j/U .and. RG~2?Vty where relatively 
I low transjaiisipn unbalances will be encountered, it is desirable that Rl and 
i, R2 äq not differ by more than 0.25$. In the ease of RG^22A/ü and RfeLliA/ö* 
t * Where higher transmission unbalances are escöuatered it is desirable that. 
I Rl and R2 do not differ by more than 1$. Care must also be taken to select 
f matching resistors that have good high frequency qualities. It has been 
? j föuad that B  pair of Ordinary 50 ohm composition Resistors that were matched 
t to within 0.1 percent when measured on a DC Iheatstone Bridge, nevertheless 
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dif^esä^ by gbcut Ö«5 percent at 25 megacycles« I 
T&& -FsMs^nce^^Ep^snöEä^TSs:.abwtone "tenth oyTiss of täifi 

matehing resistors. Its function is to ensure that the impedance of the ^ 
generator, as. Sesn -by the ihbut resistors, is low.. !     |[' 

fornicating Boxs The terminating box contains the terminating •, 
coil, the terminating resistors, the pick up coil, and the detector.. : 
Photö|rap|8& of the terainä;|.in| box are shown in. Figures $,  4„ and J>. The : i 
test "cable is held to the "jbez^natin.g box by means of a braid,; clamp. Ä •' 
pair of small brass .coupling bars connect the terminating coil to the inner ; 
conductors of the test gable. She terminating resistors are connected ; 

f        between the bra^s bars and grounds the Comments made ,insection 3h(l) 
[        about resistors pi and S2 in the junction box, apply equally well to. { 
I        resistors R3 and fL4 in the terminating box» The' t@rminat|i| resistors are- 
I        enclosed' in a ÜttLe compartment by thsa^elvef, in order &* -qhifld them.    • ; 

I   v     from the terminating coil.,    She reason for- this is that the. current in the. \ 
I        resistors msy ^er comparable in, some eases ts the current in ths terminating f 
1 eoilj and if the electromagnetic field of this current, were to rfach the I 
I - -    - giek Sp. coil,, a serious .error fpuid result., ?he factors involved in the \ 
I        <^ciee of inductance for the terminating coil are (fi^eussed in Sfciion:-. \ 
I        34\?.)o f««' inuu9t^nc> Of '"the..pick up coil should be such i^at it can be 
•. tsnödv over the deSir^d fr^guensy range Äps^enietttiy. Xp, the ^tepjinating , j 
1        box fcb^t is ^sed witH BJ^Sä/ü-: and RG^24^ where the test frequency bsad is ; 
I t I te $jj mo^ the ^d^tance • of the entire "Coil is 2*5 ^icrohGEuritg:. ihe^ - » 
r        variable capacitor, in the terminating box can tune this coil from 25 rac to ; 
j.        about 10 me« 1 type,BNC receptacle is connected to the capacitor so that ; 
i external capacity e|a b© added easily, and so cover the entire frequeney | . 
v "'      ränge. In the terminating.box Used with RG-224/Uj arid pO»12jt|/0>.-^osreb^te test _ ; 
j>        frequency band j|- I;QQ to 160 sac, the inductance of the entire pick up coil j 
I        is 0.3 microhenries, fbe variable capacitor can ..tuns;• .$fre >eoil eve*|he  
:„ . entire test frequency-^bando Tuning the pick up coil can be. dispensed with j 
r        if the ffVi has adequate sensitivity s^o as not £-o require the increased 
K        voltage that the taning brings about, or if a signal generator with a large 

amount of p^ower if available. Also,, M. sensitive radio receiver may be. used j 
=        in place of a 'Vl^i». In tbi§ caSe, the crystal detector network i| removed, 
f .     ,  and the pick up coil need not be tunedd , ? 

r; .      _ She pick jip coil is shielded So as to prevent .capacitive • 
coupling to the terminating c^ll,. jflencsj the fact that the terminating coil •, 

\ is feil abövf ground pOtential'K doep not induce "a voltage in the, pick up 
coilo However« the shielding is such, as not. to prevent the current in %e i 

, tergin^t|ng coil froja inducing a vpltage in the pick up. coil The  sh-ifld 
consists of a metal q&n  covering the pick up coi|.. She shie>| contains, tTto s      | ! 

1        windows^ one at each side of the can facing the terminating coil« In frönt 1 ^.      -'"   ' I 
Of each window there is a row of metal rods. One end of eaeh^rpd is soldered i * = 
tq: a, bfass

: bar fhich is in t^irn soldered to the can;|. however, the other end r 
F      ~ of each röd_is; open» this constitutes a faraday shield, which prevents 
?        eapäeUtive coupling, but permits, the current in the terminating coil to 

1      induce a voitage: in the* pick up Coil.      •••• 

'• c.„ Preparation of'Test Gable,, and fest Procedures fhe cable ends are 
7- »      prepared Ms shomx in Figure 2, and then connected to the junction-and term^ 

inating boxes» *he appropriate matching resistors must of course be used» 
*        SU-&43Ü 

* ; 
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Discussions of matching resistors are contained in sections 3b(1), 3b(?)» 
and M(3.3h» She $igl*si generator, and V!^: are cpifflepted. One input resistoy 

|;?!J       is connected to the high terminal of the- .signal generator in the function 
•fe£       box and ihe Qs^f* connected, to ground» fhe signal generator is set at a ts3t 
^       frequency, and the atten^tor in the signal generator set at a convenient value, 
^       the 'gätcfc up jepil is tuned for iaakiiaüi' deflection pa $e ¥S^'s$d"w»6 reading . 
?,.". ?     nptedi:>. She .grounded input resistor is now connected to the high terminal of 
f5'       the generator and th« attenuator, setting, of tHe. signal.generator decreased 
\ß till the VTSH T®$4B the same W,Vriglßally<K &® ratio, of the initial %a 
'=•*' 4.     final setting r of. the attenuator («onyert^ io'& voltage ratip) is the trans<= 
*y       mission.unbalance at that f«#qu©Bcyi .This, procedure, is repeated at other 

frequencies throughput the test band, The number, of frequencies through the 
test frequency band at which measurements are; to be token sill depend on 
whether the test results indicate a sadpihly varying transmission unbalance, or 
one with sharp jp|«ima and miplms» in shy event, in.the 1 to 25 mc3§nd 
measurements qhpuldjie m&de at intervals of npt greater than 1 mc between 
20 and 25 mc and at intervals not greater, ,thaa 2 ae in ffie jLnte|hstal between 
1 and 2Q mc« , In ikhe 109 to 160 tm<? band, measurements should be'made ,at 
intervals of not greater than % mp,'.". In either frequency band, if a maxipua 
in transmission unbalance is indicated betweeh two ipst frequencies, 
additional testa should he mädp between these frequencies to definitely establish 
the maximum,. 

An alternate procedure is as follows %   With one of the input reö^stors 
grounded, and starting with the highest test frequency, set the attenuator to 
secure a convenient reading of the Vf»M* Hote the attenuator setting. 
Decrease the frequency in. suitable steps, tuning the pick up coil each time,, 
and noting the setting of the,attenuator at each step necessary to give the 
same TO7H reading,, this, is done tu! the entire frequency band is covered. 
She same procedure is now followed, but with both input resistors connected 
to the high terminal«, fhe> transmission unbalance at each test frequency can. 
readily be determined, -..-._    * - ~  . . 

She measured transmission unbalance may depend to a small extent, on 
which input resistor is connected to ground» aö indicated in the appendix. 
However, the^ difference is very small for small transmission imbalances. If 
relatively high transmission mhalances are encountered (greater than about 
0,1) measurements should po made with ©ach input resistpr connected to ground 
in turn. If there .is an appreciable difference in the'measured, transmission 
unbalances the true, value is very close to the average pf the teo measurements, 

di . Miscellaneous i~^~ 

(I), f ersainating Coilg In section 3a of this report- it was assuaed, 
for the purpose of discussion, that the impedance of the teraiÄating coil 
is high. It is important tp determine Just how h|gh the impedance must be 
in. order to ensure accurate measurements, Jba analysis pf this factor is 
made in.ths» appendix. The analysis shows that the measurers transmission 
unbalance is independent, of the impedance of the term£natit?|| coil.. The 
only effect of a very Ipw impedance would, be a decrease in the sensitivity 
of the §ystem> It Should Sp noted that fairly large standing waves may 
exist in the test cable ifj4he terminating coil has a low impedance, and, 
the magnitude of the standing waves will be different depending on whether 
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op not, on© of, the input, resistors is. connected to ground. 
analysis is v&Lid despite this. - •  . , . 

However$ the 

ler the impedance of the terminating coil, the smaller till 
be the ,voltag@ induced in, the pick up eoil for a fixed voltage across the 
t3rminatd^g^cö^«v...il^^pl|Ä!BS from the fact that,for a fixed voltage across 
its input«, .the. flux: induced by a, coil of the: dimensions used in the term- 
inating coil is soughly inversely proportional to. the number of turns* 
Hence, fes.. induced in the pick,up coil by „imperfect shielding will 
be proportionately more significant theJhigher the impedance of the coil. 
It is therefor© desirable to keep the inductance öff the terminating coil to 
a reasonably ile^r valaf. in» measuring R5-23/B and RG-24/ü clable, the term*- 
inating coil hag a» inductance of approximately 3i9 microhenri.es. Its 
impedance at 25» 10, and 3 me is 610, 245, and 73 ohms respectively, tftien 
the balance, of the equipment is checked by connecting the junction box to 
the terminating box by means of a very short length of cablf, it is found 
thst j4h» unbalance is less than Q.Wt? "over the entire test frequensy bs&a0 
In measuring B.6r?2j/U and B.Gr-llli/0 cable, the terminating coil has an 
inductahwe of approximately 0o.s pierohenriesie Its impedance at 100 and 
l60mc is ^.5 and, 500 ohms-respectively? The unbalance, of the equipment 
is less than 0,0l from 100 to 160 me. , 

(?) lafeedance of RG-23/ö and RG>52A/g Cables The RCy-23/U 4$flkft 
EG-24/O) eable>; Consist s» of two separately shieJLded coaxial cables. . Each of 
the..coaxial cabins has an impedance pf 62 0 5 ohsjs. Iheh the RG-23/u" is 
operated, in a balanced manner»,(also called se-pi§a operation, ©r/pUshrpulI 
Operation?),,, the impedance of the. cable»is 125 ohms, the sum of toe impedance 
of the separate parts!« Ihsn the R6-23/Ü cable is operated in an unbalanced, 
manner (else cäilesjL parallel operation, or push-push operation)., the impedance 
of the cable is> 31>2§ pjunf,,, or half the impedance of each separate part. 
fhe löapedance wher* operating in an unbalanced ©anaes is /thus' one fourth the 
i^edahce.wiien Opera ting in, a balanced manner» "If the feable is terminated 
with a resistor. center gapped to. ground, the cable will be properly term?= 
in&töd for balanced and unbalanced operation when^eaeh half of the resistor 
is 62.f öhmsä 

She R<~ggl/Ü (and Rfr-lllfi/ü)cable consists of a pair of inner 
Conductors surrounded by a shield. . Since they are, not ^fsarately shielded, 
it is not. possible to make an analogy, to RG-23/Ö' and consider the cable as 
being mad® Up of two separate qabies with the same properties that exist in 
the Rß^23/ü cable}. , ThsJ'ivtipedähce of the RG-22A/Ü cable when operated in a 
balanced manner-iSi 95 Obit», the value given in the specification sheet, for 
the cablg a :rn§- impedance of the. cable ??hen operated in an unbalanced manner 
is abput 45 Ph&g. This figure tsus obtained by substitution' of the constants 
of the cable as given in the specification sheet, in formula L on page 325; 
of the^Rpferehce Data for Radio Engineers," third edition, published by 

' tire Federal,fel^phoge and Radio Corp. ?he, impedance of the cable operated 
in an unbalanced manner is .thus one halt- and not one fourth of the imtsedance 
when operated in a balanced manner. If the R&-22A/Ü cable is terminated with 
a res^tor center tapped to ground, each half of the resistor should be 45 
ohms for balanced operation^ and 90 ohms for unbalanced operation. It will 
be noted that in the procedure outlined for measuring balance ratio, as 

the proposed amendment 2 to J£N--C^17ij it ^ill not be possible to 
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lg- match the receiver properly with the- aaste terminating resistors for both 
condIiii«ns>-(Ä)^aheß the voltage is^sraplisd ibetwe<(e$ thie? two conductors, and. 

i        . lb) when the voltage ±ß applied h©twö<bft both conductors tied together, and 
f~ grbüäd..- . J._•••-..,- 

£f -\.-   (3); Im3at ll&aistorsg • In .tb£i definition. of transmission unbalance 
-•} given in Paragraph F-3£ of 1^8,-0^X74? it is required that the,transmission 

*       Hae be taraittSted in its; characteristic impedance, but nothing is said of 
impedance matching, at the input end. In t&e, d@f inition of balance ratio 

. included in the specification sheet for KG-221/üj, the input is matched for 
••       one condition, but not for another. It is therefore pertinent to inquire 

''/ how the value of the input resistors .effects themeasurements . Ä complete 
I" fanalysis of large mismatches is, the inp^t resistors is complicated. However» 
5^ an example will stiff ice to sho« that this would effect the mea&urementö 
!:- fief er to-Fig. A-3 in the appendix, tet us suppose that the only cause of 
a* unbalance is th# f &ct that one half of the cahli is ä little different in 

eleetiSEeai length than the second half* but that in every other way the , 
cables are eqnal and both conform to,all nominal specifications. If the, 
ihput resistors are matched to the test cable, then B will equal 1. Hence 
the cable can be replaced by an equivalent circuit of two branches in 
whiöh the equivalent resistance ofiS e%ch branch is equal, (since the equivalent 
reoistange of a transmission line terminäteö in its ftatchlng; impedance is< 
independent of its length) but with different equivalent voltages. However, 
if the input r6gigtotfa-,are not equal to the matching resistance (though 
equ&l to one. another),.,the,,equivalent .impedances as well as the equivalent 

i       voltages will depend on the electrical length, and both parameters will be 
different for- the two branches1. Hence, the measured tränttmißeiön. unbalance 
wiM be different, from that measured using matched input resistors. 
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Electrical Engineer 
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X. Proof that Impedance of Terminating CoiX Does Not- Effect Accuracy of 
sat. '   ': "-• '-." '" -.- ""       '- -     ._      ••;.-=.' 

The circuit for measuring, transmissionunbalance is given in Figure X. "The 
SJcSt ahom below is the equivalent"of that circuit, and is more -—~ 
for the following analysis. 

T- 

1 

Jk * 

-flt. 

Fig« A-l 

]%U Input voltages j both equal.and in phase _ 

Rt   Matching resistors (for convenience., alX equal) ,   . 

•'-.  "      M   Ratio of impedance of terminating poii^to impedance of £* 

In the case of zero transmissiQn unbalance, the circuit inFig. *4 can be 
"ireplä^Bdi b>' that slussn.J*. Tig. "fc^;      ; J-     "    ~ 
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I» the event that one half of the cable is in saay way different from the 
other half, the transmission unbalance will, be .greater than ?.e?o-. For 
convenience let us.assume that the top half of the cable conform© exactly to 
the lioMtoai ä^eeifisätlonsj and' that the bottom' half' deviates- in some way« 
In _%p&\ ^se,o fig-.. Ar2; becomes.! . . ._ 

* t 

fig, 1-3~ 

If ,the transmission unbalance is due to the bottom half of the c&ble .1 
and electrical length different from that of the top half, but still having: 
the nominal impedance,, then B would equal 1» G would have a small phase angle 
©their J$oäp.\ zero', but its absolute magnitude would §qual 1» If the transmission 
unbalance is dij£ to the fact that5 the bottom half has; aft1 attenuation- other 
than nbminal, but iir-all other respects: conform»tpnominal, B would again. 
equal, one. fhe absolute ^magnitude of ©'would be less than one, but its phase 
•angle would be sserOi' If .^e.,t)pansmiSj|ioh'unbjaän|g -is^dpe to the fact that 
the impedaBcerof thebottom .hajtf of -the cable is^diflerence^from nominal., then 
G and B will in general be complex* - ?.' ' 

• ; Let us'consider now that 4 is. infinite =    Using, the rigorous definirtipJi- of 
transmission unbalance, ää defined ^h parg F-&? of: o&UQ-lt'Jk  £See Section 3a 

, of thiä' Technical'Memorandum;),, the transmission unbalance of the network shown 
in E^gure"A-3 is obtained as fbllowss 

Difference öf voltages across terminating resistors: 

VI 

me half the sum of voltages across terminating resistors 

 ,-.-    a &t>        ww     <|JB3| ö'  <»   TBS» 

Transmission Unbalance s       «< { #*-0 "~ «*C/ 
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In the actual test procedure* one half the sum of the voltages is hot 
aotuäSylm*.    SÄ* -oo^e calls for short circutin| the top 
or bottom signal generator, If £he • to^ sipäl generator i;s «tainted,, the 
voltage across the terminating coil (/ 

and the measured &ransmiM&ön ^balance is      -- . . » 

\*£y: 

If the bottom signal 
unbalance is. 

is £horted* the measured transmission 

«•"/' 

3'{/l •*, !£ < /* ^ j 
It will be nö*6d that- for values of B and C close to \r the transmission 

unbalancrStained;^ equation (1> is very close to the average Obtained from 

?q«ätjöHS (2) and li).o, * 

Let us no* consider the case when A is finite. Referring *Q mg. .^3 it 
will b# noted thci the voltage across m is given by_ ..-.-- 

jL., i-i^—„_•» '! 

^- I 
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If the, •tp&.B^nai-isßeratöy is shorted, the voyage, across M eaa be 
dsieraüSed as fallows? 

7& 

# 

. s. :•  

A, u 

5-- 

zu: 

  _ :'"figo A=4 
rfhe tropfe "across K/? ih series with AR if 

Voltage across ÄR ^  ,£ jZ- 
.•^.•M' 

>*- 
—& .£ >• 

She transmission ^balance in this case is 

,H > -: 

w 

2/* 

Equation (4) is seen to be exactly the same as equation f 
3£ 
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if the bottom signal, generator, is ^hortfä* the voltage 
ebtaiaed ae follows: 

seröse AR can 

; • '„* "fig* *-5' . 

the voltageacross "iE 'in series wiSh 
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'""""""^fe measured transmission unbalance -is   ^ - ^ 

" üfcS ~ ^^:; - * ~ * - Ä^ 
""7" "    - -   IsF @ 

Equation (5)"is"thus exactly the same, as equation 

It i'S thus proved "that the presence of the terminating coil does not 

introduce say- errors. -„ 
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